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OPTICAL WAVEGUIDE SWITCH 

5 

Cross-Reference to Related Applications 

The present invention claims priority from U.S. Provisional Patent Application 
Number 60/197,154 entitled "Fiber Array Switch Having Micromachined Front Face," 
10 filed April 1 3, 2000. The present invention also claims priority from U.S. Provisional 
Patent Application Number 60/201,347 entitled "Optical Fiber Array Switches and 
Alternative Embodiments," filed May 2, 2000. The disclosures of the above captioned 
provisional patent applications are specifically incorporated by reference as though 
reproduced in their entirety herein. 

15 

Field of the Invention 

The present invention relates generally to routing to optical switches in 
waveguides, and specifically to an array (mxn) optical switch. 

20 Background of the Invention 

The increasing demand for high-speed voice and data communications has led to 
an increased reliance on optical communications, particularly optical fiber 
communications. The use of optical signals as a vehicle to carry channeled information 
at high speeds is preferred in many instances to carryuig channeled information at other 
25 electromagnetic wavelengths/frequencies in media such as microwave transmission lines, 
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co-axial cable lines and twisted pair transmission lines. Advantages of optical media are, 
among others, high-channel capacity (bandwidth), greater immunity to electromagnetic 
interference, and lower propagation loss. In fact, it is common for high-speed optical 
communication systems to have signal rates in the range of approximately several Giga 

5 bits per second (Gbit/sec) to approximately several tens of Gbit/sec. 

One way of carrying information in an optical communication system, for 
example an optical network, is via an array of optical fibers. Ultimately, the optical fiber 
array may be coupled to another array of waveguides, such as another optical fiber array, 
or a waveguide array of an optoelectronic integrated circuit (OEIC). In order to assure 

10 the accuracy of the coupling of the fiber array to another waveguide array, it becomes 
important to accurately position each optical fiber in the array. 

Optical switches serve a variety of applications in optical communication 
systems. Once such variety of optical switches are mechanical switches. Mechanical 
optical switches have been used in a variety of optical fiber routing applications to switch 

1 5 between particular optical signal pads to provide reliable optical transmission routes for 
carrying optical signals. 

Many mechanical optical switch configurations which are commercially available 
are typically characterized as either optical-component-moving-type or fiber-moving- 
type switch configurations. Illustratively, optical-component-moving-type switches 

20 include configurafions that employ movable optical element (e.g. mirrors or prisms) to 
selectively redirect signals from an end of a first optical fiber to an end from a second 
optical fiber wherein the optical fibers are arranged in a parallel manner with their ends 
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adjacent one another. While beneficial optical-component-moving-type switches 

typically elaborate and often too expensive for large scale implementation. 

Conventional fiber-moving-type switch configurations may provide multiple-port 

switching. However, these types of optical switches suffer from complexity, expense and 
5 chronically poor alignment which requires frequent and labor intensive adjustment. The 

relative complexity of conventional fiber-moving-type switches has resulted in 

prohibitive cost and relatively high alignment tolerances which ultimately impair the 

performance of the device. 

Accordingly, what is needed is a relatively simple, inexpensive, mechanical stable 
1 0 optical switch configuration capable of providing multiple-port switching in a variety of 

optical applications. 


Summary of the Invention 

According to an exemplary embodiment of the present invention, an optical 
1 5 switch includes a first wavedguide holding member and a second waveguide holding 
member disposed on a substrate. The first waveguide holding member moves relative to 
the second waveguide holding member. A movement guiding member guides the motion 
of the first waveguide holding member. 

Advantageously, the first waveguide holding member moves transversely relative 
20 to the second waveguide holding member. The transverse motion enables selective 

coupling between a waveguide in the first waveguide holding member and a waveguide 
in the second holding member. Through this transverse motion of the second waveguide 
holding member, an optical switching action may be implemented. 
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Brief Description of the Drawings 

The invention is best understood from the following detailed description when 
read with the accompanying drawing figures. It is emphasized that the various features 
5 are not necessarily drawn to scale. In fact, the dimensions may be arbitrarily increased or 
decreased for clarity of discussion. 

Fig. 1 is a perspective view of an optical fiber switch according to an exemplary 
embodiment of the present invention. 

Fig. 2 is an exploded view of an optical switch according to an exemplary 
1 0 embodiment of the present invention. 

Fig. 3 is an exploded view of an optical switch according to an exemplary 
embodiment of the present invention. 

Fig. 4 is a top view of an optical switch according to yet another exemplary 
embodiment of the present invention, 
15 Fig. 5 is a top view of an optical switch according to yet another exemplary 

embodiment of the present invention. 

Fig. 6-9 are top views of substrates and waveguide holding members according to 
exemplaiy embodiments of the present invention. 


20 Defined Terms 

1 . As used herein, the term "on" may be directly on. Alternatively "on" may 

mean "over." 
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2. As used herein, "longitudinal" means parallel to the optic axis of a waveguide 
(x-direction herein); "transverse" means perpendicular to the optic axis of a 
waveguide (y-direction herein). 

3 . As used herein, "movement guiding member" means a device or structure 
which constrains movement to substantially linear motion. 


Detailed Description 

In the following detailed description, for purposes of explanation and not 
limitation, exemplary embodiments disclosing specific details are set forth in order to 

1 0 provide a thorough understanding of the present invention. However, it will be apparent 
to one having ordinary skill in the art having had the benefit of the present disclosure, 
that the present invention may be practiced in other embodiments that depart from the 
specific details disclosed herein. Moreover, descriptions of well-known devices, methods 
and materials may be omitted so as to not obscure the description of the present 

15 invention. 

According to an exemplary embodiment of the present invention, an optical 
switch includes a first wavedguide holding member and a second waveguide holding 
member disposed on a substrate. The first waveguide holding member moves relative to 
the second waveguide holding member. A movement guiding member guides the motion 
20 of the first waveguide holding member. 

Advantageously, the first waveguide holding member moves transversely relative 
to the second waveguide holding member. The traverse motion enables selective 
coupling between a waveguide in the first waveguide holding member and a waveguide 
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in the second waveguide holding member. Through this transverse motion of the second 
waveguide holding member, an optical switching action may be implemented. 

Fig. 1 shows an optical switch 100 according to an illustrative embodiment of the 
present invention. A first waveguide holding member 101 and a second waveguide 
5 holding member 102 are disposed over a substrate 103. Optical waveguides 105 and 106 
are disposed in the first waveguide holding member 101 and the second waveguide 
holding member 102, respectively. The waveguides 105 and 106 within the first and 
second waveguide holding members are selectively optically coupled to one another. To 
this end, a gap spacing 104 between the first waveguide holding member 101 and the 

10 second waveguide holding member 1 02 may be set so that efficient optical coupling is 
achieved between selected waveguides in the first waveguide holding member 101 and 
the second waveguide holding member 102 is achieved. 

After the gap spacing 1 04 has been set via longitudinal motion (x-direction) of the 
second waveguide holding member 102 relative to the first waveguide holding member 

15 101 , transverse (y-direction) motion may be carried out to selectively couple/decouple 
optical waveguide(s) in the first waveguide holding member 101 to an optical 
waveguide(s) in the second waveguide holding member 102. Accordingly, by virtue of 
the transverse motion of the first waveguide holding member 101 relative to the second 
waveguide holding member 102 the coupling/decoupling of waveguides may be used to 

20 achieve optical switching between selected waveguides. 

Illustratively, the motion of the first waveguide holding member 101 and the 
second waveguide holding member 102 may be through the use of known mechanical 
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actuators. These include, but are not limited to, electromagnetic, piezoelectric, 
microelectro-mechnaical system (MEMs), and hydraulic devices. 

Illustratively, waveguides 105 and 106 are optical fibers. However, they may be 
planar waveguides as well. The waveguides 105 and 106 may be disposed on the lower 

5 surfaces of the first and second waveguide holding members 101 and 102, respectively. 
This substantially avoids alignment problems due to variations in thicknesses of fu-st and 
second waveguide holding members 101 and 102, respectively. Moreover, this 
placement of waveguides 105 and 106 substantially avoids front-side and back-side 
alignment errors. However, the optical waveguides may be located on the top surfaces of 

1 0 or within first and second waveguide holding members 1 0 1 and 1 02. 

In the illustrative embodiment shown in Fig. 1, a movement guiding member (not 
shown) may be disposed so that the fu-st waveguide holding member 101 moves 
transversely. Moreover, a similar movement guiding member may be disposed so that 
the second waveguide holding member 102 moves longitudially. The longitudinal 

1 5 motion of the second waveguide holding member 1 02 allows adj ustment of the gap 

spacing 104. For purposes of illustration and not limitation, after the gap spacing 104 has 
been set, the second waveguide holding member 102 may be secured in position by use 
of a suitable adhesive. For example, a suitable epoxy may be used to secure the second 
waveguide holding member 102 in position. Moreover, the second waveguide holding 

20 member 1 02 may be adhered to the substrate 1 03 by thermo-compression bonding with 
aluminum. The gap spacing may be in the range of approxunately of less than 
approximately 1 /dm to approximately \5 jum . Finally, it is of interest to note that the 
second waveguide holding member 102 may be located so that the gap spacing is set 
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without longitudinal motion. This may be achieved through use of alignment fiducials or 
other suitable devices. 

In this illustrative embodiment, the second waveguide holding member 102 may 
also be capable of transverse (y-direction) motion. This may be accomplished using a 

5 suitably disposed movement guiding member to achieve transverse motion. As such, the 
switching capabilities of the optical switch 100 may be achieved by one or both of the 
first and second waveguide holding members 101 and 102, respectively. 

Turning to Fig. 2, a perspective view of an optical switch 200 according to an 
exemplary embodiment of the present invention is shovra. A substrate 201 illustratively 

10 includes longitudinal grooves 203 and transverse grooves 204. The longitudinal grooves 
203 and transverse grooves 204 are adapted to receive positioning members 205. The 
positioning members 205 are illustratively microspheres or other suitable sphere-shaped 
objects. The positioning members 205 are disposed between the longitudinal grooves 
203 and pits 207 disposed in second waveguide holding member 206. Positioning 

15 members 205 are also positioned between transverse grooves 204 and pits 208 disposed 
in first waveguide holding member 205. As can be readily appreciate the longitudinal 
and transverse grooves 201 and 202 of the substrate and the 208, 207 pits on the first and 
second waveguide holding members 205 and 206, respectively are on opposing surfaces 
thereof 

20 Illustratively, transverse motion of the first waveguide holding member 205 is 

achieved by motion of the positioning members 205 in grooves 204. The positioning 
members 205 are constrained by pits 208. Likewise, longitudinal motion of second 
waveguide holding member 206 is achieved through the motion of positioning members 
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205 in longitudinal grooves 203. The positioning members 205 are constrained in pits 
207 in the second waveguide holding member 206. 

As described in more detail above, the longitudinal motion may be used to adjust 
gap spacing 209 between the first waveguide holding member 205 and the second 

5 waveguide holding member 206. Transverse motion of the first waveguide holding 
member 205 may be used to achieve switching between waveguides 210 and 211 . To 
this end, switching is achieved by selectively coupling/decoupling waveguides 210 
disposed in first waveguide holding member 205 with waveguides 210 disposed in 
second waveguide-holding member 206. Finally, it is of interest to note that waveguides 

10 21 0 and 2 11 may be disposed on the lower surfaces of the first and second waveguide 
holding members 205 and 206, respectively. They may be held in v-grooves (not 
shown), for example. Moreover, the waveguides 210 and 211 may be disposed on the top 
surfaces of the waveguide holding members 205 and 206, respectively. Finally, 
waveguides 210 and 21 1 may be disposed within waveguide holding members 205 and 

1 5 206, thereby being integer parts thereof 

Fig. 3 shows an optical switch 300 according to another illustrative embodiment 
of the present invention. A substrate 301 has transverse grooves 302 and longitudinal 
grooves 303. Positioning members 304 are disposed between transverse grooves 302 and 
pits 305 in first waveguide holding member 306. The positioning members 304 are 

20 constrained in pits 305 and move along longitudinal grooves 302, which enables 

transverse motion of first waveguide holding member 306 in a manner similar to that 
described in cormection with the illustrative embodiment of Fig. 2. 
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Positioning members 307 are disposed between longitudinal grooves 303 in 
substrate 301 and grooves 308 dispose in second waveguide holding member 309. 
Positioning members 307 are illustratively cylindrical-shaped rod elements which enable 
the longitudinal motion (x-direction) of first waveguide holding member 306. 

5 Illustratively, positioning members 307 may be sections of optical fiber or 

micromachined rods. Moreover, positioning members may be glass, metal or ceramic. 
Similar to the illustrative embodiment of Figs. 1 and 2 the longitudinal motion of second 
waveguide holding member 309 enables the adjustment of the gap spacing 310 between 
the first waveguide holding member 306 and the second waveguide holder member 309 

1 0 to enable coupling of optical fibers 3 1 1 and 312. 

In the illustrative embodiments of Figs. 2 and 3, the grooves 202, 203, 302, 303 
and 308 are illustratively v-shaped grooves. The pits 207, 208 and 305 are illustratively 
inverted pyramidal-shaped pits. The grooves and pits are formed by illustrative 
techniques described below. Finally, in the illustrative embodiments of Figs. 2 and 3, 

15 first waveguide holding members 205 and 306 and second waveguide holder member 206 
each include four pits which constrain positioning members 204 and 304. As can be 
readily appreciated, at least three pits are required for stability and motion constrain. 
Other numbers of pits and positioning members may be used in keeping with the present 
invention. Finally, grooves 202, 203, 302, 303 and 308 and pits 207, 208 and 305 may be 

20 lined with a suitable material to reduce wear and/or friction. 

The inverted pyramidal pits and grooves may be formed by anisotropic wet 
etching of a monocrystalline material. Illustratively, monocrystalline material may be 
selectively etched according to known techniques. The surfaces of the inverted 
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pyramidal pits are along well-defined principle planes of the monocrystalline material. 
One such know technique for anisotropic etching of monocrystalline material may be 
found in U.S. Patent 4,210,923 to North, et al., the disclosure of which is specifically 
incorporated by reference herein. Of course, other known etching techniques may (wet 

5 or dry) be used to form the pits and grooves. Moreover, other materials may be used for 
the substrate and first and second waveguide holding members. These include, but are 
not limited to, glass, quartz, metal or plastic. The grooves and pits may be formed therein 
by known techniques. 

In the illustrative embodiments of the present invention, a movement guiding 

1 0 member may comprise a positioning member disposed between a pit and a groove. The 
pits may be located in the waveguide holding member or in the substrate depending on 
application. Moreover, a movement guiding member may comprise a positioning 
member disposed between two grooves. Again, the grooves may be located in the 
substrate and in the waveguide holding member. Again, this is merely illustrative of the 

1 5 movement guiding members of the exemplary embodiments of the present invention, and 
other movement guiding members may be used in carrying out the invention. 

Fig. 4 shows an optical switch 400 according to an illustrative embodiment of the 
present invention. A substrate 401 has transverse v-grooves 402 disposed therein. The 
substrate 401 further includes longitudinal v-grooves 403. A first waveguide holding 

20 member 404 includes first waveguides 405. The waveguides 405 may be disposed on top 
of the first waveguide holding member 404; on the bottom of first waveguide holding 
member 405; or within the first waveguide holding member 404. A second waveguide 
holding member 406 includes second waveguides 407. The second waveguides 407 may 
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be disposed on a top surface of second waveguide holding member 406; a bottom surface 
of second waveguide holding member 406; or within the second waveguide holding 
member 406. Waveguides 405 and 407 are illustratively optical fibers. However, 
waveguides 405 and 407 may be planar waveguides, hi the illustrative embodiment of 
Fig. 4, first positioning members 408 are disposed in pits 409 in the first waveguide 
holding member 404. Likewise, second positioning members 410 are disposed in pits 
41 1 in the second waveguide holding member 406. 

As described above, the pits 409 are illustratively inverted pyramidal pits. The 
first positioning members 408 are relatively self-contained within the pits 409, and 
cooperatively engage the longitudinal grooves 403. Illustratively, a movement guiding 
member may comprise a first positioning member 408 disposed between a pit 409 and a 
longitudinal groove 403. In the illustrative embodiment shown in Fig. 4, this translates to 
motion of the first waveguide holding member 404 in the + x-direction. As can be 
readily appreciated, motion in the ± x-direction facilitates the longitudinal alignment of 
the first waveguides 405 with the second waveguides 407. Particularly, the constrained 
linear motion of the first waveguide holding member 404 in the longitudinal direction 
enables the proper selection of the gap spacmg 412. 

The second positioning members 410 are disposed in pits 411. Again, the second 
positioning members 410 are constrained in the pits 411, which are illustratively inverted 
pyramids. The second positioning members 410 are constrained by grooves 402 to move 
in the traverse direction. In the illustrative embodiment shown in Fig. 4, this results in 
the transverse motion of the second waveguide holding member 406 in the ± y-direction. 


12 


J.V. DOC. NO.ACT.008 
ACT-127/ACT-126 

Illustratively, a movement guiding member may comprise a second positioning 
member 410 disposed between a pit 41 1 and a transverse groove 413. The transverse 
motion of waveguides 407 relative to waveguides 405 enables the selective 
coupling/decoupling of waveguides. This facilitates the switching of a signal from one 

5 waveguide to another. For example, an optical signal may be traversing waveguide 4 1 3 
of the first waveguide holding member 404. This waveguide may be coupled to 
waveguide 414 disposed in second waveguide holding member 406. As can be readily 
appreciated, movement of the second waveguide holding member 406 in either the + y- 
direction or the - y-direction may uncouple waveguide 413 from waveguide 414. 

1 0 Movement in the + y-direction, for example of a predetermined distance may enable 
coupling of the optical signal traversing waveguide 413 into waveguide 415. As such, 
coupling of the optical signal is "switched" from waveguide 414 to waveguide 415. 

In the exemplary embodiment, waveguides 405 and 407 each comprise a row of 
three waveguides. Of course, this is for purposes of illustration, and more or fewer 

1 5 waveguides may be used. Moreover, as can be readily appreciated, waveguides 405 of 
the first waveguide holding member 404 may be a linear array (a row) or a matrix of a 
suitable number of rows and columns of optical waveguides. Likewise, optical 
waveguides 407 of the second waveguide holding member 406 may also be a linear array 
(a row) or a matrix having a suitable number of rows and columns. Moreover, the pitch 

20 between waveguide 405 may be the same or different than that of waveguides 407. As 
such, sophisticated switching schemes may be realized through the transverse motion of 
the second waveguide holding member 406 relative to the fu-st waveguide holding 
member 404. 


13 


J.V. DOC. NO.ACT.008 
ACT-127/ACT-126 

Fig, 5 shows an optical switch 500 according to another illustrative embodiment 
of the present invention. A substrate 501 has transverse grooves 502 disposed therein. 
The substrate 501 also includes longitudinal grooves 503. The transverse grooves 502 
receive positioning members 504 which are disposed in pits 505 in the second waveguide 
5 holding member 506. In the present illustrative embodiment, movement guiding 
members may comprise positioning member 504 between pits 505 and transverse 
grooves 502. 

The motion of the positioning members 505 in the transverse grooves 502 enables 
the transverse motion (y-direction) of the second waveguide holding member 506 relative 

10 to the first waveguide holding member 507. The transverse motion enables the selective 
coupling/decoupling of optical waveguides 508, 509 and 510 to waveguides 51 1, 512 and 
513, respectively. Transverse motion of the second waveguide holding member 506 
would change this coupling, enabling a switching action. 

In the illustrative embodiment of Fig. 5, positioning members 514 are disposed in 

1 5 pits 5 1 5 in the second waveguide holding member 507. As can be readily appreciated, 
the engagement of the positioning members 514 within the longitudinal grooves 503 in 
the substrate 501 enables longitudinal movement (x-direction) of the second waveguide 
holding member 507. According to the illustrative embodiment of Fig. 5, the second 
waveguide holding member 507 may have an endface 516 which is polished. The gap 

20 spacing 5 1 7 may be accurately determined by elements 5 1 8 which are illustratively ball 
lenses or microshperes disposed in grooves 519 the first waveguide holding member 506, 
The gap spacing 517 is illustratively in the range of approximately less than 1 jum to 

approximately 15 //m . 
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Figs. 6 - 9 are illustrative embodiments of the substrate and waveguide holding 
members according to the present invention. These embodiments are intended to be 
illustrative of different combinations of grooves and pits which will allow the relative 
transverse motion of the first and second waveguide holding members for optical 

5 switching. These exemplary embodiments also provide longitudinal motion to adjust a 
gap spacing between the first and second waveguide holding members. These 
embodiments are intended to be illustrative, and in no way exhaustive of the 
combinations of the location of grooves and pits that can be used to carry out the 
invention of the present disclosure. As such, these variations and combinations that 

1 0 would be readily apparent to one having ordinary skill in the art are within the scope of 
the appended claims and equivalents thereof 

Fig. 6 shows the elements of an optical switch 600 according to an illustrative 
embodiment of the present invention. A substrate 601 includes grooves 602 and pits 603. 
Again, the grooves 602 and pits 603 are fabricated by known techniques as described in 

15 detail above. The grooves 602 and pits 603 are adapted to received positioning members 
(not shown) such as those described in the connection with the illustrative embodiments 
above. A first waveguide holding member 604 includes grooves 605. The grooves 605 
having the positioning members (not shown) therein which enable the transverse motion 
(y-direction) of the first waveguide holding member 604. The second waveguide holding 

20 member 606 has grooves 607 therein. The grooves 607 which are adapted to receive the 
positioning members (not shown) enable the longitudinal motion (x-direction) of the 
second waveguide holding member 606. Again, the transverse motion of the first 
waveguide holding member 604 relative to the second waveguide holding member 606 


15 


J.V. DOC. NO.ACT.008 
ACT-127/ACT-126 

enables the switching operation of waveguides 608 and 609. The longitudinal motion of 
the second waveguide holding member 606 enables the optical coupling of the optical 
fibers 608 and 609 by adjusting the gap spacing therebetween, hi the illustrative 
embodiment shown in Fig. 6, it is useful to adhere the second waveguide holding member 

5 606 to the substrate 601 after the gap spacing has been set. 

Fig. 7 shows another optical switch 700 according to yet another illustrative 
embodiment of the present invention. The substrate 701 has grooves 702 which 
cooperatively engage positioning members (not shown) enabling transverse motion of the 
first waveguide holding member 703. The positioning members are disposed in pits 704 

10 in the first waveguide holding member 703 . Longitudinal grooves 705 receive 

positioning members (not shovm) which are disposed in pits 707 in the second waveguide 
holding member 706. This enables longitudinal movement of the second waveguide 
holding member 706. 

As described in connection with the illustrative embodiments above, waveguides 

15 708 and 709 are selectively coupled/decoupled with the transverse motion of the first 
waveguide holding member 703 relative to the second waveguide holding member 706. 
Moreover, the longitudinal motion of the second waveguide holding member 706 enables 
accurate gap spacing between the first waveguide holding member 703 and the second 
waveguide holding member 706, thereby enabling efficient coupling between the 

20 waveguides 708 and 709. After the gap spacing is adjusted, a suitable adhesive known to 
one of ordinary skill in the art may be used to fix the position of the first waveguide 
holding member and thereby set the gap spacing at the determined position. 
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Fig. 8 shows an optical switch 800 according to yet another illustrative 
embodiment of the present invention. In the illustrative embodiment of Fig. 8, a substrate 
801 has transverse grooves 802 which cooperatively engage positioning members (not 
shown) which may be disposed in grooves 803 in the first waveguide holding member 
5 804. As can be readily appreciated, the arrangement of the grooves 802 and 803 with the 
positioning member disposed therebetween enables the transverse motion of the first 
waveguide holding member 804. Pits 805 receive positioning members (not shown). 
These positioning members are disposed in grooves 806 in second waveguide holding 
member 807. Again, the longitudinal motion of the second waveguide member enables 
1 0 the coupling of waveguides 808 to waveguides 809 by setting the appropriate gap spacing 
between the waveguide holding members 804 and 807. Of course, the transverse motion 
of the first waveguide holding member 804 relative to the second waveguide holding 
member 807 results in the selective coupling/decoupling of waveguides 808 and 809 
which enables the desired switching action. 
1 5 Fig. 9 shows an optical switch 900 according to yet another illustrative 

embodiment of the present invention. A substrate 901 has transverse grooves 902 which 
cooperatively engage positioning members (not shown). The positioning members also 
cooperatively engage grooves 903 disposed in the first waveguide holding member 904. 
As can be readily appreciated, the arrangement of grooves 902 and 903 with the 
20 positioning members disposed therebetween enables transverse motion of the first 
waveguide holding member 904. Second waveguide holding member 905 includes a 
groove 906 and a pit 907. Substrate 901 includes a groove 908 and pits 909. Positioning 
members (illustratively microspheres) may be positioned in pits 909. These positioning 
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members engage groove 906. A positioning member may be disposed in pit 907. This 
positioning member may engage groove 908. The combination of grooves and pits in the 
second waveguide holding member 905 and the substrate 901 enables the longitudinal 
motion of the second waveguide holding member 905. 

5 From the foregoing description, particularly of the illustrative embodiments 

shown in Figs. 2-9, the following generalities may be realized. The grooves and pits 
may be collectively referred to as depressions. These depressions may be in the substrate 
and in the first and second waveguide holding members. A waveguide holding member 
usefully has at least two depressions. The portion of the substrate opposed to the 

1 0 waveguide holding member (i.e. the portion of the substrate over which the waveguide 
holding member is disposed) usefully includes at least two depressions. Moreover, at 
least three of the depressions are grooves. Finally, no two opposing are pits. A similar 
analysis applies to the waveguide holding member disposed on the other portion of the 
substrate. 

1 5 The invention having been described in detail in connection through a discussion 

of exemplary embodiments, it is clear that various modifications of the invention will be 
apparent to one having ordinary skill in the art having had the benefit of the present 
disclosure. Such modifications and variations are included within the scope of the 
appended claims. 
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